Objectives-To investigate the contribution of exposure to asbestos through different routes in the development of mesothelioma. Methods-Case-control study. 185 confirmed cases of mesothelioma and 160 controls were identified, when death had occurred between 1979 and 1991 in four health districts in Yorkshire. The surviving relatives were interviewed to ascertain lifetime exposure to asbestos. Adjusted odds ratios (ORs) of exposure to asbestos (through occupational, paraoccupational, and residential routes) were calculated for cases and were compared with controls. Results-Likely or possible occupational exposure to asbestos was more common in cases than in controls (OR 5.6, 95% confidence interval (95% CI) 3.1 to 10.1). After excluding those with likely or possible occupational exposure, likely or possible paraoccupational exposure was more common in cases than controls (OR 5.8, 95% CI 1.8 to 19.2). Only six cases of mesothelioma were identified as being solely exposed to asbestos through their residence, compared with nine controls. The OR for residential exposure to asbestos varied between 1.5 and 6.6, depending on which potential industrial sources were included, but the 95% CIs were so wide that slightly reduced or greatly increased odds comparing cases with controls could not be excluded.
Conclusion-Study results support previous evidence that occupational and paraoccupational exposure to asbestos is associated with developing mesothelioma. Despite a rigorous search, purely residential exposure seemed to account for only 3% of identified cases. No firm conclusion can be drawn about the risks from residential exposure alone, as many of the study subjects could also have been occupationally or paraoccupationally exposed to asbestos.
(Occup Environ Med 1997;54:403-409) Keywords : malignant mesothelioma; asbestos; nonoccupational exposure Malignant mesothelioma is an uncommon cancer, often associated with exposure to asbestos, with a latent interval between first exposure and tumour development averaging 30-40 years.' The death rate is expected to rise in Britain over the next 15-25 years. 4 Although the risks of developing the disease from occupational exposure to asbestos are well established, those due to non-occupational exposure are of increasing concern. This study investigated the contribution of the different routes of exposure to asbestos (table 1) in the development of mesothelioma; concentrating on occupational, paraoccupational, and residential exposure. Over recent years, there has been public concern about the relatively high incidence of mesothelioma locally5: occupational risks in three factories which used asbestos in Leeds, Calderdale, and York have been highlighted by the media. This study arose from further publicity about cases labelled as environmental by Her Majesty's Coroner or the local media and which were said to be linked to the Leeds factory. This factory closed in 1958, but considerable concern remains about continuing residential exposure to asbestos in the vicinity of the factory.6 There has been recent legal action by some former local residents who have developed mesothelioma without occupational exposure to asbestos. However, many local factories used asbestos, and this study considers exposure to asbestos from all potential sources in the study area.
Subjects and methods

STUDY SUBJECTS
Potential cases of mesothelioma were sought from the Health and Safety Executive's National Mesothelioma Register, the Yorkshire Regional Cancer Registry, and local postmortem records, where a previous diagnosis of mesothelioma had been made by a local pathologist. Subjects who had died from mesothelioma between January 1979 and December 1991 were considered for inclusion, if the address at death was in the Yorkshire districts of Leeds Experience suggested that about 300 cases of mesothelioma would be identified in the study period and area; however, we could only obtain both histological material to confirm the diagnosis and a later exposure history on half of these. Assuming one third of these cases had not been exposed to asbestos through occupational or paraoccupational routes, there was an 80% power to detect an odds ratio (OR) =3 linking residential exposure and mesothelioma at a significance level of 5%.
EXPOSURE HISTORIES
Attempts were made to contact the next of kin of subjects, and a semistructured questionnaire was used to interview them to obtain a detailed life history of the deceased. It was explained that we were seeking information about the deceased's life history, and they were encouraged to ask other family members or friends for further details. Interviewees were unaware of the main concerns of the study: only the final few questions mentioned exposure to asbestos explicitly. When Factories active from 1900 onwards in north and west Yorkshire considered to use asbestos and which might have emitted asbestos into the environment-for example, through loading, ventilation, or waste disposal-were identified through trade directories and local knowledge. Altogether 278 were identified: many were only active for short periods, and most were within the Leeds or Bradford area. Only 83 of these factories ever had study cases or controls living within 0.5 km of them. The factories were classified as either group 1 (those where goods containing asbestos were known to be manufactured-for example, engine packing, brake and clutch linings, joints and gaskets, railway carriages, or insulation materials) or group 2 (those where this was in some doubtthat is, the site may have been a warehouse, or asbestos may not have been the material used). Appendix 2 shows the activities at these factories.
A residential history, including schools attended, was obtained at interview. The addresses of subjects within Yorkshire and potential industrial sources were converted, where possible, into the grid references approximating to current postcodes. Distances were calculated between every residential address and every potential source, and then the residential exposure of a subject was coded as: likely if residence was within 0.5 km of one or more sources at some time; and unlikely if it was not known whether residence was within 0.5 km of any of these sources during life.
Residential exposure was coded firstly for all potential sources, and secondly for those where manufacture of asbestos goods was more certain (group 1 only). The figure shows the grid references both of addresses where subjects lived and the factories which were potential sources of asbestos to the environment.
STATISTICAL ANALYSIS
The main technique used for the analysis of the comparative risks of exposure was conditional logistic regression.8 Occupational and paraoccupational exposure were coded to three levels -likely, possible, and unlikely. The analyses were carried out with two sets of groupings. Firstly, by comparing likely and possible with the unlikely group, and secondly, by comparing likely with the possible and unlikely groups. Grid reference east Position ofsubject addresses and potential industrial sources of asbestos The conditional logistic model incorporated terms to further adjust for the age, year of death, and district; as the matching criteria were quite wide. The effects of exposure to asbestos by a particular route was evaluated by successively excluding subjects who had been exposed to asbestos by routes which were likely to be at higher levels-for example, excluding occupational exposure while considering paraoccupational exposure. The same matched sets were used for all analyses, but exclusions were made as already described: if all cases in a set were excluded for this reason, the controls in the set were not used.
Results
There were 316 potential cases of mesothelioma identified: 71 of these could not be confirmed, it was agreed that 15 were not mesothelioma, and four were possible mesothelioma, leaving 226 confirmed cases. The relatives of 133 of these cases were interviewed and information on a further 52 cases was obtained from the coroners' records. Interview information was obtained for all 159 controls. However, when the possible group was combined with the likely group, the 95% confidence interval (95% CI) for the OR showed that data were also consistent with equal odds of paraoccupational exposure. Only 27 matched sets, comprising 34 cases and 58 controls, were usable for the second analysis. Of these cases 13 had likely and four had possible paraoccupational exposure; three of the controls had likely and eight had possible paraoccupational exposure. By excluding a further group of subjects who might have been occupationally exposed, we should obtain a less biased estimate of the strength of the association; but the estimate was much less precise, because of the reduced numbers of subjects available. The point estimates of ORs suggested a much stronger association, but were consistent with ORs both little greater than unity and very high indeed. So whereas the odds on paraoccupational exposure were higher for cases of mesothelioma, we are unable to say with any precision by how much they were raised.
Forty four cases and 43 controls reported some activities which could be coded as possible incidental exposure. These included car or motorbike repair, removing fireplaces or walls at home, installing central heating or lagging pipes, dismantling radiators, demolishing a coke oven, and unspecified home improvement tasks. There were three controls for whom this seemed to be the only asbestos exposure, and two cases and five more controls for whom only incidental and residential exposure were identified. The vague exposure descriptions precluded formal analysis. It was considered inappropriate to compare the residential exposure of cases and controls if they had also been exposed to asbestos by other routes likely to have been at higher exposure levels. Therefore three analyses were carried out: excluding subjects with likely occupational exposure or likely paraoccupational exposure; excluding subjects with likely or possible occupational exposure and likely paraoccupational exposure; and excluding subjects with likely or possible occupational exposure and likely or possible paraoccupational exposure. Table 3 shows the adjusted OR estimates.
Thirty five matched sets comprising 46 cases and 96 controls were usable for the first analysis. Of the 46 cases, 25 had lived within 0.5 km of any potential source, and 20 in group 1 had lived within 0.5 kun of a potential source. The corresponding figures for the 1 17 controls were 32 and 24. There were only 17 matched sets comprising 18 cases and 40 controls who were usable for the second analysis. Of the 18 cases, eight had lived within 0.5 km of any potential source, and six in group 1 had lived within 0.5 km of a source. The corresponding figures for the 69 controls were 13 and nine. There were only 14 matched sets comprising 14 cases and 29 controls who were usable for the third analysis. Of the 14 cases, six had lived within 0.5 km of any potential source, and five in group 1 had lived within 0.5 km of a potential source. The corresponding figures for the 56 controls were nine and five.
The estimated OR on residential exposure to asbestos comparing cases with controls rose as each of the other sources of exposure was excluded. However, the few subjects remaining without occupational and paraoccupational exposure do not allow us to estimate the strength of the relation between residential exposure and mesothelioma with sufficient precision to rule out either no association or a strong association.
RELATIVE CONTRIBUTIONS OF THE DIFFERENT TYPES OF ASBESTOS EXPOSURE
Altogether 45% of the exposure histories collected in this study reported asbestos exposure by more than one route. It is impossible to be certain which was the dominant exposure London," New York,'2 and North Americal0 found a history of paraoccupational exposure to asbestos in more cases than controls, although the numbers were small. This study supports previous evidence about paraoccupational exposure, but the size and precision of the OR depends on whether we include those possibly exposed with those likely or unlikely to be paraoccupationally exposed.
The risk of residential exposure is less clear. Some case-control studies have investigated the role of residential exposure after excluding other asbestos exposures. The London study found 11 cases compared with five controls living within 0.5 miles of a particular asbestos factory." The New York study found one case living 1.2 km from an asbestos factory, and no controls nearby.'2 The North American study found that one case and four controls had lived within 20 miles of chrysotile mines.'0 A Connecticut study found that 9.2% of cases and 9.5 % of controls had lived in the vicinity of an asbestos friction materials plant.7 These results are not comparable with each other, or with this study, because of the varying definitions. Outdoor airborne asbestos concentrations were found to be raised near a factory that made asbestos slate board, and near an asbestos-cement plant,' '4 but in general, little is known about the likely increase in airborne asbestos concentrations near factories that used asbestos, or about the area over which this increase might be expected.
Given the established risks of occupational and paraoccupational exposure, a major focus of our study was the hypothesis that living in the vicinity of a factory that used asbestos is a risk factor for mesothelioma. No study has looked at residential exposure so comprehensively. Many potential industrial sources of asbestos were identified in the study area, as well as the sources which provoked public and media concern. However, only a few sources were near the residences of study subjects, and very few after the exclusion of subjects with occupational and paraoccupational exposure. There were more subjects with occupational or paraoccupational exposure than expected from other studies: this may be because there was genuinely more exposure by these routes in Yorkshire in the study period, or because we obtained more complete exposure histories, or differences in definitions. We had assumed that one third of the cases would have been unexposed through occupational or paraoccupational routes, but the actual figure was 9.7%, leaving relatively few cases available for that part of the study that concentrated on residential exposure. No firm conclusion can therefore be drawn from this study about the risks of residential exposure, because of the small number of suitable subjects. The estimated OR for residential exposure to asbestos varied between 1.5 and 6.6, depending on which subjects and sources were included, but the 95% CIs were so wide that slightly reduced or greatly increased odds comparing cases with controls could not be excluded.
The 0.5 km radius from a potential industrial source of asbestos is arbitrary; it is a proxy for exposure from a particular source. It is not assumed that airborne asbestos from the potential source is necessarily found at any residence within 0.5 km. Living close to a source may mean that the subject often walked past it, or played in the factory yard, etc. Also, the identified sources carried out a wide range of industrial activities with asbestos; some were known to process large amounts of raw fibre, whereas others may only have stored asbestos goods. The use of trade directories and local knowledge to identify premises used by the asbestos industry may be insufficiently precise. If residents in the vicinity of some of the potential sources were not exposed to asbestos, or only at distances <0.5 km, their inclusion will underestimate the risk from larger industrial sources of asbestos. However, more detailed information about the manufacturing processes at the various factories is rarely available, preventing more precise estimates of their potential for releasing asbestos into the environment. Nor was it possible to determine which type of asbestos was used in many factories, although the Leeds factory, which had provoked concern, was known to use mainly crocidolite, and the Calderdale factory used crocidolite and brown asbestos (amosite) for long periods.6 15 This and other case-control studies suffer from the fact that retrospective asbestos exposure histories are likely to be incomplete: relatives providing information may not be aware of, or be able to recollect, important occupations or residences, particularly if these were of short duration. The quality of information varied: some informants were able to provide very detailed life histories, others were vague about particular periods or aspects of the subject's life.
There are also difficulties in trying to ascertain the key routes of asbestos exposure when a life history suggests exposure from more than one route. For example, whereas a weaver of asbestos products would almost certainly have been exposed to very high levels of asbestos which would dominate those from other routes, an electrician (coded as possible occupational exposure) might have limited asbestos exposure at work, but higher exposure as the result of living near an asbestos factory, or from a family member working there. We have assumed that occupational exposure dominates that from other sources in this study. The few studies which have measured airborne asbestos concentrations in non-occupational settings indicate that paraoccupational exposure can lead to higher concentrations than residential exposure'6, but we cannot be sure that this is the case for all the subjects in this study.
This case-control study has brought together detailed histories of asbestos exposures, and has provided valuable information on the risks of occupational and paraoccupational exposure, and made a useful contribution to the study of residential exposure to asbestos. A high proportion of both cases and controls could have been exposed to asbestos at work. Although heavy exposure through the manufacture of asbestos products has fallen over the years, there is still scope for exposure in workers engaged in repair, renovation, and demolition of buildings containing asbestos, the so called "third wave of asbestos disease". ' Appendix 1: List of jobs that determined the classification of subjects into each occupational class of exposure to asbestos.
LIKELY
Asbestos factory worker (fitter, sprayer, carding, packer, mattress maker, maintenance, spinner, etc), boilermaker, bricklayer, builder's labourer, built gas retorts, built railway coaches, display work using asbestos, dockwork involving asbestos, fitter on ships, fitter using asbestos, foreman using asbestos, gas fitter, heating engineer or plumber, joiner using asbestos, laboratory technician using asbestos, lagger, maintenance involving asbestos, metal worker using asbestos, munitions work involving asbestos, naval engineer using asbestos, power station worker, roofer or slater, shipyard worker.
POSSIBLE
Aircraft mechanic, air raid warden, architect, boilerman or stoker, car mechanic, chemist, clerk at asbestos goods factory, cleaner in asbestos goods factory, driver of asbestos loads, electrician, engineer, fireman, fitter, foreman, foundry worker, Hoffman presser, industrial brush repair, joiner, laundry worker (ironing), maintenance work, metal worker, munition worker, painter, railway worker, scaffolder, stonemason, tank gunner, telephone engineer, welder. UNLIKELY Baker, barman, catering, cinema manager, cleaner, clerk, clothing industry worker (machinist, tailor's cutter, finisher, etc), colliery worker, draughtsman, driver, dyeworker, factory work, farmwork, film editor, groundsman, hairdresser, laundry worker, letter sorter, manager, navy, nurse, paver, postman, priest, sales assistant, shoemaker, teacher, tiler, upholsterer, warehouseman, wireworker.
Appendix 2: Activities at potential industrial sources of asbestos near Yorkshire residences of study subjects Number ofsources within 0. 5 km of 3 1 study subject Group 1-likely manufacture using asbestos:
Asbestos goods manufacturers 17
Engine packing, steam packing, or metallic packing manufacturers 
